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Introduction
In the economic literature, human capital accumulation has been identified as one of the most relevant engines of economic growth. Also, changes in the skill premium have often been identified as an important factor affecting the dynamics of income distribution. Moreover, human capital and, first and foremost, the level of formal education have frequently been seen as one of the most important factors affecting many dimensions of social life, including the structure and dynamics of the family and fertility patterns. These are some of the motivations behind the large literature studying levels and dynamics of the returns on education. In this paper, we contribute to this literature by providing some additional evidence on the returns to education in several European countries. Our contribution has four distinctive features. First, we compute the rates of return using a well-specified theoretical model of individual choice, which allows us to take into account and to assess the significance of some of the different relevant variables: the wage premium, the structure of income tax and of some public transfers and benefits, and the costs of the investments in education. Secondly, we provide separate results for men and women. Thirdly, we estimate the wage premia using EU Survey on Income and Living Conditions data (2007) , which improve upon the quality of the data previously available for a comparative analysis at European level. Finally, we consider 12 different EU countries, spanning quite different situations in terms of labour market conditions and public policies.
Concerning the first point, several papers compute the rate of returns on education embedding the wage premia in models, taking into account some of the other relevant variables (see, for instance, Barceinas-Paredes, Oliver-Alonso, Raymond-Bara, Roig-Sabaté and Weber (2000) , Blondal, Field and Girouard (2002) , and Heckman, Lochner and Todd (2008) ). Our theoretical model builds on that proposed by de la Fuente (2003) and de la Fuente and Jimeno (2008) . The first report (2003) , written on behalf of the European Commission, provides a comparative analysis of private and social returns on education in 14 European countries. It specifies the investment in education as the optimal solution to a well-defined individual optimisation problem which takes into account wage premium, labour income taxes, costs of education and incidence of unemployment -at different educational levels -and unemployment benefits. The report uses different sets of data to compute the returns on education across European countries. The main findings are that educational attainments are a key determinant of individual earnings and aggregate productivity and that human capital is an attractive investment from both the microeconomic and the macroeconomic points of view. The same basic model has also been adopted in several country studies (see de la Croix and Vanderberghe (2004) for Belgium, Ciccone (2004) for Italy and de la Fuente, Jimeno and Domenech (2003) for Spain).
More recently, de la Fuente and Jimeno (2008) focus on the fiscal returns to education in European countries and, using different simulated scenarios, evaluate the impact of several public policies. All these papers provide gender-free estimates. Conversely, we compute separately the returns on education of men and women entering the job market at the end of their formal education and exiting the job market at the average age of retirement. The obvious motivation for this disaggregation by gender is that the lifetime experiences of men and women differ for many reasons. For instance, the wage profiles of men and women are different; the genderspecific rates of unemployment are different; the length of their active lives are different; unemployment benefits are (or may be) different, due (mostly) to wage differences; public policies affect men and women in different ways. Gender-specific returns on education have been computed, using de la Fuente's model, for 21 OECD countries by Boarini and Strauss (2010) . We also adopt his 2003 model to estimate the returns on education for men. However, to study all the possible factors driving the gender gap in the rates of return, we take the de la Fuente model one step further by also considering some parameters related to maternity issues that can affect the incentive to invest in education and to participate to the labour market for women (see Del Boca, Locatelli, Pasqua and Pronzato (2003) ). Hence, our model differs from that of Boarini and Strauss (2010) mainly in how it deals with women (and for the econometric procedure adopted in the estimate of the Mincerian coefficients that they use). The actual female work experience may be affected by maternity episodes and, consequently, by maternity leave and maternity-related monetary benefits (Mac (2003) , Mahon (2002) , Brewster and Rindfuss (2000) , Blackburn, Bloom and Neumark (1993) ). Therefore, maternity accounts for several differences in the working lives of men and women. Potentially, it also has some consequences related to the female-specific rates of return because of the correlation that may exist between education and fertility. The (negative) relationship between these two variables is often taken for granted. While there are many studies on this subject (and corroborating this claim) referring to developing countries, there seems to be relatively little empirical evidence on this issue in economically advanced countries in a comparative perspective. Unfortunately, the EU-SILC data do not provide the information required to compute the fertility rates directly. 1 Using evidence from a nonhomogeneous source that can adopt different definitions, actual vs. expected fertility rates, may introduce measurement errors and bias. Hence, in this paper, unlike with standard macro-estimations, we exploit some evidence based on the UNCE "Family and Fertility Studies" referring to several European countries to evaluate the relationship between education and fertility. These reports provide, on a comparable basis, information on fertility rates, broken down by education levels and, thus, they provide one of the main ingredients for the estimates. It turns out that, indeed, there is a negative correlation between education and fertility.
One of the key building blocks for our analysis is the estimates of the wage premia.
The EU-SILC data give us the opportunity to use recent and comparable micro-data to estimate the cross-country differences in the returns on education. We will dis-cuss the data in more detail in Section 3. Using the EU-SILC data (2007), we estimate the Mincerian coefficients (Mincer (1974) ) for the 12 countries in our sample, separately for men and women. We then embed these as one parameter affecting the individual decision problem, together with several other parameters.
Different policies affect the decision of investing in education in many different ways (see de la Croix, D. and Doepke, M. (2004) , Gustafsson, S., Kenjoh, E. and Wetzels, C. (2002) ). In general, a comparative analysis taking into account countries with different systems of policy intervention is interesting. We believe that the comparative perspective is particularly useful for dealing with gender-related differences in returns on education because the work experiences of women vary across countries more than those of men.
In addition to our estimates of the Mincerian coefficients, we present our computations of the rates of return and of their elasticities with respect to several policy parameters. They show that, quantitatively, the returns on education depend crucially on the Mincerian components (i.e. wage premia and labour income taxes). Since the unemployment rates by educational levels are different, unemployment benefits also affect the rates of return on education. Similarly, since fertility rates vary with the educational levels, the policies adopted with respect to maternity benefits also have some impact on the rates of return. These two factors are of the same order of magnitude, but they are not as significant as the Mincerian coefficients and labour income taxes. The numerical values of the elasticities also show that the returns to education are sensitive mostly to the factors affecting the Mincerian component of the rates of return: tax rates and wage policies adopted in the public sector.
We conclude by pointing out some of the limits of our analysis. First, differences in the actual policies and benefits adopted in each country are only imperfectly captured by the available data provided by international institutions. This is clearly established by some of the country studies mentioned above. Secondly, there is an unavoidable degree of arbitrariness in computing benefits for a given type of worker.
In the paper, we spell out the exact criteria used to select and attribute benefits. Generally speaking, the conventions adopted may lead us to overestimate the female returns on education. Therefore, our estimates essentially provide an upper boundary for the set of 'reasonable' estimates. Thirdly, we ignore any form of general equilibrium consideration. In de la Fuente (2003), the rates of return are defined as the discount rates such that the actual, average level of schooling is the optimal solution to the individual decision problem. Accordingly, the elasticity of the rate of return with respect to, say, unemployment benefits is computed keeping the 'optimal' investment in education fixed. Hence, it provides us with an intuitive measure of the relevance of unemployment benefits in determining the rate of return, but it says nothing about the actual effect on the equilibrium of a change in the benefits.
The set up of the paper is the following. The next section presents the model adopted for men, which also forms the basis of that we adopt to evaluate the returns for women. The third section discusses the data and presents our estimates of the Mincerian coefficients. In Section 4, we define the additional variables used to calibrate the model, we compute the values, by gender, of the private returns on education. In Section 5, we analyse the impact of several public policies and compute the elasticities of the rates of return with respect to these. Technical details on the derivations of the fundamental formulae are given in the appendices.
Description of the model
For computing the rates of return on education, we follow the approach proposed by de la Fuente (2003) . The structure of his model has the advantage of considering opportunity and direct costs, tax system, employment probability and other variables that can affect the decision of investing in education. Therefore, it allows us to compare how these variables affect individuals in different countries covered in the sample.
Our estimates of the male returns are based exactly on de la Fuente's model. In the estimates for women, the same basic approach will be modified to take into account maternity leave and benefits.
Let us start with the basic model. Consider an individual who studies for S years and retires at time U . Let 0 S be the average number of years spent in education. 
Earnings
rates are a function of relative rather than absolute incomes".
If unemployed, individuals obtain net benefits that may or may not be related to their previous earnings and to average earnings,
be the probability of being employed for an agent with S years of schooling, an increasing function of S . Then, the discounted lifetime earnings of a male,
Schooling implies direct private costs, denoted by Finally, we assume that, while in school, individuals devote a fixed fraction  of their time to studying and attending school. Therefore, their labour supply is given by a fraction ) (1   of the labour supply of full-time workers. Moreover, we assume that students are not entitled to unemployment benefits and that their probability of being employed is a fixed fraction,  , of that of someone available for full-time work.
Hence, the present value of the expected lifetime earnings while in school, 2 ), (S J M is given by
The present value of the expected net lifetime earnings for men is then
We define as private rate of return on education the value r such that the average level of education 0 S is the optimal solution to the problem of maximising
for the representative (male) agent. Hence, r is obtained as the value such that We will use (1) to evaluate the private rates of return on education for males. Since the left-hand side of eq. (1) is strictly increasing in M R , the larger the value of the right-hand side, the larger the value of M R . As specified in the following sections, we will use the values of the parameters referring to the male population to compute M R . The main departure from de la Fuente (2003) is that he considers a single male with earnings equal to those of an Average Production Worker (in the sequel, APW). We consider instead a couple with two children where the male has earnings equal to 100% of the Average Worker Wage 4 (AWW), while the female has earning equal to 67% of the AWW. Evidently, marginal and average tax rates ( 0  and ' T ), as well as unemployment benefits, are adjusted accordingly.
For female individuals, we modify the basic function ) (S V as follows. Direct private education costs and earnings while in school are determined as above. However, given that female average earnings are estimated at 67% of the AWW, the parameter defining direct private costs of education as a fraction of the female earnings is s  1.5 , so that the actual monetary costs are gender-invariant. Therefore,
The key difference is in the definition of the expected lifetime earnings after school.
We explicitly introduce in the function ) or unemployed. If employed, we assume that a woman will actually take leave of the maximum allowed length. In this period, she will receive a fraction  of her previous earning, plus other benefits related to child care and typically independent of personal income and depending instead on average income.
This second component will be denoted as
obviously, she will not take maternity leave. Her income will be determined by the usual unemployment benefits,
As above, the rate of return on education is the value of r such that 0 S is the optimal solution to the problem maximise ). (S V W Using the notation introduced above, setting
For the derivation of eq. (2), see Appendix A. Clearly, when
Equations (1) and (2) may be given a very similar interpretation: In both equations, the denominator can be seen as the sum of the marginal opportunity and direct costs of education, expressed as a share of the after-tax instantaneous earnings at Similarly, the 'weight' of  measures the effect on after-tax incomes due to the effects that an increase in education has on the earning function
Regarding the  's weight, a relevant role is played by the tax system: the more progressive the tax system, the lower the value of , 1 1 0    ' T and the lower the impact of  on the rates of return. The second term in square brackets, is a (normalised) measure of the contribution on private returns of the net Mincerian coefficient and it depends on the probability of being employed and on the unemployment benefit related to the previous individual wage when unemployed: the higher the probability of being employed, the higher the term in square brackets (given that 1 < a ); also, the higher a , the higher the weight.
In eq. (2), the interpretation is basically the same. Here, the weight also depends on the benefit  that a woman obtains if she is out of work because she is on maternity leave.
The most instructive way to look at the second component of the numerator, i.e.  and its weight, is as the product of the derivative of being employed ( 0 p   ) weighted by the net income gain of being employed. We can interpret the last term in brackets, in a similar way, once we take into account that
Estimation of the Mincerian coefficients
The main ingredient for evaluating the returns on education is the estimation of the effect of education on the wage profile. The standard approach has been developed building on Mincer (1974) . There is a huge literature on Mincerian wage equation.
For an overview of single-and multi-country studies and stylised facts, see Peracchi (2006) , Budria and Pereira (2005) (2003), Card (1999) .
In a multi-country analysis, the most relevant difficulty is the comparability of the data. We provide a direct estimate of the Mincerian coefficients for 12 West European countries using a large European micro-dataset, the EU-SILC data for the year 2007 (revision 2). 5 The dataset is a voluntary survey of households coordinated by Eurostat. The sampling procedure is based "on a nationally representative probability sample of the population residing in private households". 6 Starting in 2004, the EU-SILC data have been collected annually by the national statistical offices for the purpose of providing comparable information 7 on income and the poverty situation in EU member countries. In most of the countries, the data are gathered using surveys only, whereas in some countries additional information is drawn from administrative sources. EU-SILC data have replaced the European Community Household Panel (ECHP) used in a large number of studies (Prieto-Rodriguez, Barros and Vieira (2008), Middendorf (2008) , Heinrich and Hildebrand (2005) ). Most of the multicountry studies on education combined ECHP data with other sources. For instance, considering two recent papers, Strauss and de la Maisonneuve (2009), limiting the analysis to tertiary education, emphasise differences in the wage premium in 21 OECD countries combining data taken from six different panel data studies. Brunello, Fort and Weber (2009) , pooling data from three different sources, study the effect of quantity of education on wage distribution in 12 European countries.
Compared to other datasets, the EU-SILC provides the opportunity to use very recent and most comparable micro-data to estimate the cross-country difference in returns on education. 8 To the best of our knowledge, only two papers have used the EU-SILC dataset to analyse the returns to education in Europe. Biagetti and Scicchitano (2009) use the 2007 dataset, considering only the male population in eight countries. They apply a quantile regression estimation to analyse the link between education and wage inequality. Davia, McGuinness and O'Connell (2009) use the EU-SILC data 2005-2006 for seven European countries to explain cross-country differences in the rates of return in terms of variations in 'relative risk'. They estimate the Mincerian coefficients for different ISCED levels by gender, also accounting for selection bias (for the female population). Their main conclusion is that "risk explains variation of rate of returns in particular at ISCED 5 level".
The EU-SILC data contain cross-sectional information about households' financial behaviour and fundamental individual socio-demographic characteristics such as age, gender, highest completed degree, parents' backgrounds, family composition, working status, etc. On the basis of the availability and comparability of the data, we have selected 12 countries with different welfare regimes and institutions. We restrict the sample to men and women aged 25-64, for whom information about their earnings is available.
A methodological problem arises when estimating the schooling coefficients due to the possibility of non-random selection of the sample from the workforce (Heckman (1979 (Heckman ( , 1980 , Hoffmann and Kassouf (2005) ). A priori, we can assume that the relevance of this problem varies across genders. Hence, given the aim of our study, it is particularly important to take into account this possible bias. We estimate the wage equation using the selection model by Heckman to control for potential selection bias into employment.
Given a sample of individuals, denoted by the subscript i , observed at time t , we proceed to estimate the econometric model (outcome equation)
S is a measure of his/her schooling while i x measures work experience. Experience is included as a quadratic term to capture the concavity of the earning profile. We also include several dummy variables to control for nationality, marital status, public sector and part-time job. As usual, î  is the inverse Mills ratio, estimated from the first stage, and i u is a disturbance term representing other explanatory variables. The Heckman selection equation is as follows:
YCh is the number of young children, aged 0-5, while i OCh is the number of older children, aged 6-17, in the household. i FInc is a measure of the income of the other members of the family. In our case it is the total household income minus own labour income. Finally, i e is a zero mean error term. 9
The schooling coefficient  in the wage equation can be interpreted as the wage premium. This coefficient is then used as an input in the computation of the internal rate of return of investment in education, i.e. to calibrate the model.
There are additional problems related to the data used in the estimation, in particular, the measures of earning, schooling and experience. Before moving to the detailed presentation of our estimates, let us discuss these issues. In the EU-SILC data, gross wages are reported on an annual basis for most of the countries and as gross monthly earnings for Italy and Portugal. We use the information available to compute the log of hourly wages, the dependent variable in our wage regressions.
With regard to the educational background of respondents, the highest ISCED level attained is reported, as well as the year when it was attained. Combining these variables, we derive the standard measure of schooling attainment, the number of years of education. 10
To measure the work experience we used the actual experience, 11 available for most of the countries. 12 In the following table, we report only the estimated values of the coefficients of schooling and of  . Estimates of the coefficient of other explanatory variables are available upon request. 9 The two errors terms, i e and i u , are jointly (bivariate) normally distributed. In Sweden, the public sector is a very relevant component of GDP and there is higher percentage of skilled women, compared to skilled men, working in this sector. Also, our estimates show that the wage level is typically lower in the public sector. Therefore, differences by gender of the skill composition of workers in public employment can explain the gender gap in the schooling coefficients.
The female job market in the Netherlands is characterised by a high proportion of women in the labour force working part-time. This proportion is even higher among low-skilled women and working mothers. Our estimation strategy does not allow us to fully capture the impact of part-time jobs by skill levels. In a separate regression, not reported in the text, we combine educational levels (ISCED levels) and part-time experience. The values of the coefficients are decreasing for education. This suggests that the high incidence of part-time jobs may play a role in explaining the lower rates of return for females as compared to the male population.
For Germany, our estimation is in line with the results in the literature (Gebel and Pfeiffer (2010) ). In this country, the occupational segregation by gender, in particular in the low-wage sectors, is a well-known and widely discussed phenomenon. As pointed out by Achatz et al. (2005) , only one third of the gender gap in Germany can be explained by differences in human capital. It seems to be more important that wages in female-dominated job cells are typically lower than in male-dominated cells, where a job cell consists of a worker in the same occupation within the same firm. (Basically, this concept allows them to purge the results of unobserved heterogeneity due to firm-specific factors.) The findings of Achatz et al. can be taken as evidence of the importance of the sorting of females into female-specific jobs and, thus, gender-specific occupational segregation. Segregation makes it difficult for highly skilled women to obtain jobs in the upper part of the occupational hierarchy (see also Achatz (2008) ). Moreover, there is evidence that, if they do obtain such jobs, they no longer suffer wage discrimination (Bush and Holst (2011)), but that the 'glass ceiling' effect makes it hard to secure these jobs. Clearly, this phenomenon has an impact on the Mincerian coefficient of the female population.
Calibration of the model and main results
In this section, we present our estimates, by gender, of the private returns on education. They are computed calibrating equations (1) and (2) above, using macro-data. The only exception is for the schooling coefficients, where we use our estimations of the Mincerian coefficients.
For each country, we consider a representative married couple with two children. de la Fuente (2003) takes, instead, a single individual with a wage equal to 100% of the APW. We do not refer to single parents because, in most of the countries considered, most women are married at the time of child-bearing. We assume that male earnings are equal to 100% of AWW, while female earnings are 67% of AWW. This is a fairly realistic assumption, if we take into account the actual average earnings in manufacturing for women and men in the European countries (OECD (2009).
We assume that, after schooling, agents are in the labour force until the average age of retirement. We also assume that they want to work 20% of a standard work
year while studying. The computations also consider taxes on labour income and unemployment benefits. In particular, for women, we include general government child cash benefits (but not tax expenditures, i.e. tax allowances or tax credits) and benefits related to maternity and childcare provided to working women. In the sequel, when convenient, we will use the subscripts W and M to denote the values of the parameters for women and men, respectively. (2003).
One of the motivations for the study of private returns by gender is a result of the large differences in the gender-specific rates of unemployment. As we have seen, rates of unemployment enter equations (1) and (2) because they help determine the weights of   , and  . Therefore, significant differences in the rate of unemployment by gender and by country could determine differences in the rates of return. Indeed, in most of the countries, female rates of unemployment are higher. The negative relationship between unemployment and level of education -or positive relationship between employment and level of education -is widely studied in the economic literature. Our data confirm that, independently of gender, an increase in the level of education has a positive effect on the probability of employment.
To allow for an easier comparison of the results, in equations (1) and (2), the effect of education on the probability of employment is measured by as the weighted average of the two increments with weights of 2/3 for (1) c and 1/3 for (2) c . Finally,  is obtained as
The correction factor, 2/3, is used to capture the fact that the probability of employment depends on many other factors other than education.
During the years of schooling, the probability of being employed is, in general, lower.
To capture this effect, we correct the probability of being employed while in school using a factor that we denote M  for males and W  for females. We compute these factors using the unemployment rates, by gender, of the young population in education and not in education. We assume that, while in school, individuals devote a fixed fraction , 8 . 0   , of their time to studying. The data are taken from Education at a Glance (OECD (2009)) and refer to 2007.
The tax system is extremely important and it affects the private returns on education in many different ways. Given the focus of our analysis and the basic features of the family structure in the European countries considered, we introduce two different types of tax payers in the analysis. We assume that, while in school, individuals are taxed as single (OECD (2009)). After school, they are taxed as members of a family consisting of two working parents and two children. Indeed, in most countries, marginal tax rates, T' , are different for the two types of tax payers. In all the countries, the average income tax rates, 0  , are lower for a family with two children than for a single person. The data refer to 2007 (OECD (2008) 13 ). We use this date to calculate the private returns independently of gender. (However, effective tax rates may vary across gender because the individual incomes of men and women are different, by assumption).
Concerning benefits, the analysis is more complex. In our model, we consider two different categories of benefits: the first refers to unemployment. The second is related to maternity and is, normally gender specific. Unemployment benefits are computed as the sum of two components. One captures the benefits related to previous net earnings ) (a , while the second captures benefits that are assumed to be related to average net earnings ) (b . The net (i.e. after-tax) replacement rates   b a  are different for different types of family (single person, married couple, couple with two children, single parent with two children). Also, we assume that the distribution is gender-independent. The values of ) (a and ) (b for men and women are different because of the assumption of different earnings as a percentage of AWW. The net replacement rates vary greatly across countries 14 and are best seen as no more than an approximation of the actual benefit systems. 15 The data are from the OECD (2007). 13 Bear in mind that OECD data define the marginal tax rate as the rate applied to an increase in the income of the main earner, here, by assumption, the husband. Evidently, the actual marginal tax rates on women's wages may be lower (because we are assuming that their wages are lower). This may induce an underestimation of the actual returns to education for women. 14 n some countries, there are only benefits proportional to previous earning (this implies that b=0), in other countries they are fixed (a=0) and in still others they are mixed: some of the unemployed have a fixed subsidy, while others receive benefits related to their previous earnings (MIX, a≠0,b≠0). 15 This is confirmed for Belgium. For this country, a more detailed analysis (see de la Croix and Vanderberghe (2004)) estimates a net replacement rate of 34%, which is much lower than the 66% used in de la Fuente and 71% used here. The OECD data are, however, the best available for a comparative analysis.
The second kind of benefits is related to maternity. In this case, we must take into account the position of the individual woman in the labour market. In all the European countries, in order to reconcile women's family life and work, the law establishes the right for a working woman to leave her job for a period of time for maternity and child care. A fraction of this period is paid (by the firms or by the public insurance system; this difference is irrelevant to the aim of this study). We consider the amounts of money that women receive during this time (i.e. maternity, childcare and parental leave due to maternity) as a 'benefit' ,  , that they can obtain if they work and have a child (OECD (2007)). Moreover, for all women who have a child, independently of their position in the labour market, the government normally pays cash benefits,  . The child benefit programmes also differ dramatically in the 12 countries (OECD (2007), MISSOC (2007) , ISSA (2006) (2007) ). These policies may have a relevant impact on the labour market. In general, it is shown that the first kind of benefits tend to increase the participation rate for women, while the second has a negative effect on it because it increases the opportunity cost of work and, therefore, the reservation wage of women. All our calculations related to both kinds of benefits are available upon request.
As explained above, the negative relationship between fertility rates and education is an important component of our analysis. The existence of a negative relationship is confirmed for most countries, with average fertility rates of 1.50%, 1.23% and (2007).
The marginal effect of education on fertility is captured by the parameter
To estimate this, we use the same methodology adopted to estimate the sensitivity of the probability of employment. As mentioned above, the EU-SILC data do not provide information to compute the fertility rates directly. The most recent and comparable data we have found to calculate them are in UNCE (different years) and refer to women aged 20-49 (for some countries, the age groups are different). For Denmark, these data are unavailable and so we use a different source which provides fertility rates by education in 1979 (Jones (1982) ). Considering the European countries for which fertility rates by education are available from both sources (Finland, France, Italy and Spain), one can see that they have decreased by about 33% over the last two decades. To take into account the general tendency of fertility rates to decrease during this period, we multiply the value of 1979 by 2/3 in order to correct the original estimates. In Table 2 , we present the fertility rates by levels of education, maternity leave and childcare benefits. As standard in the literature, we define the direct private costs of schooling s  as a fraction of AWW gross earnings. It is computed as the weighted average of secondary and tertiary levels by 2/3 and 1/3 respectively. The costs are net costs of direct public subsidies to students and, therefore, s  can have a negative value when these subsidies exceed tuition and other direct costs. For men, we use the data from OECD (2009). 16 For women, given that female average earnings are estimated at 67% of the AWW, the parameter defining direct private costs of education as a fraction of the female earning is s  1.5 , so that the actual monetary costs are the same.
Further explanations of the data and of the details of the computations are available upon request.
On the basis of the above, we are able to explicitly compute (numerically) the values W r and M r , using the estimates described to compute the right-hand side of equations (1) and (2). Table 3 reports the private rates of return on education by gender for 12 West European countries and the numerical values of the main components of the numerators and denominators of equations (1) and (2). For most (to be precise, 9 out of 12) of the countries, W r is larger than M r . Let us first focus on men.
For them, private returns range, for most countries, between 4% and 6%, with an average of 5.7%. The minimum value, 3.9%, is in Italy, while the maximum is 8.6%
in Luxembourg. To interpret the table, see eq. (1) in Section 2, where the numerator represents the marginal gain due to an increase in schooling, while the denominator measures the marginal net costs. Similarly, if we consider the composition of the numerator, we can say that the main component of the payoffs depends on the coefficient of the Mincerian equation, while the effects of education on the probability of employment is of a smaller order of magnitude.
Let us now consider the figures for women in particular. For most of the countries, the private returns of women lie between 6% and 7%, with an average of 6.02%.
They are much lower than the average in Sweden (2.8%) and in the Netherlands (2.7%). For Ireland, Luxembourg and Portugal, the rates are much higher than average: 9.9%. 9.7% and 8.7%, respectively.
As in the case of men, by and large, the most important component of costs are opportunity costs (even if, due to the lower net earnings, direct costs are somewhat more relevant).
Comparing the weights of the components of the numerator, we can see that the effects of  and  are quite low. The most important component of the numerator is, as before, related to the coefficient of the Mincerian equation.
The effects of education on the probability of employment and fertility vary greatly across countries, also depending on the policy parameters. While it is usually smaller, the fertility effect is of the same order as the employment effect. However, we can conclude that the coefficients  and the associated weights, measuring the impact of taxes on labour income, drive the decision of the agents. To better understand the role of these components in determining the returns, we decompose and compare each part of the weights and their distributions (modulo a normalisation). Looking at mean values and variances across countries, not reported in the text, we conclude that while the distribution of the weights of  does not vary much across genders, the distribution of the weights of  is quite different, with a lower mean and higher variance for the female population, due to the large differences in the public polices related to unemployment benefits and maternity leave benefits.
Elasticities
The maternity-related policy parameters ( and  ) vary across countries. Therefore, it is natural to ask what the effect of changes in these is on female rates of returns. Increases in the values of  and  have a direct effect on the rate of return R because they decrease the opportunity cost of maternity. There is also an indirect effect because changes in  and  affect the fertility rate and may influence the values of
Here, we will only consider the (presumably larger) We must bear in mind that the two derivatives measure the rates of change of W R due to changes in  and  , under the assumption that the optimal level of schooling is invariant, because, by construction, in this model, the optimal value of S is given (and equal to the country average level) while the rate of discount is treated as an endogenous variable. Also, we abstract from the possible effects on equilibrium wages. Therefore, these elasticities must be interpreted simply as a measure of the relevance of these policy parameters in determining M r and W r .
Both derivatives have an undefined sign. For the second one, if q' is positive (or negative but sufficiently small), the sign is negative, as one would expect, because increases in  in turn increase the opportunity cost of schooling and, since 0 S is given (individuals cannot change the level of education chosen), the rate of return decreases, in order to guarantees that 0 S persists as the optimal choice for the individual. In the sequel, while discussing our estimates, we will see that, for the sample of countries considered here, the estimated values of    w R are, indeed, always negative.
It turns out that the first derivative is also always negative. This is somewhat counterintuitive because an increase in the value of  increases the expected future income. However, it also increases the opportunity costs of schooling. The impact of a change in  on the opportunity costs dominates all the others. Numerically, in most of the countries, the values of q' and of  are fairly small. This is also possibly due to the postulated time independence of the variables.
Following the same approach, we estimate the elasticities of M R and W R with respect to the unemployment benefit parameters, marginal and average tax rates. Direct computation of the elaticities, by gender, is reported in Appendices B.1 and B.2. The numerical values are presented in Table 4 . c
The elasticities with regard to  and  are computed for the female population.
The first two columns report the elasticities of the returns on education for men and women with respect to the replacement rates. An exogenous increase in unemployment benefits has a negative impact on the returns on education of both genders. The magnitude of this effects is, however, fairly small. What is much more significant is the impact of a change in the tax system, described in the model by the marginal and average tax rates. According to the theoretical model, (see Appendix B), the sign of the elasticity with respect to the marginal tax rate is negative for both genders. The numerical values estimated for all the countries satisfy this prediction. On the other hand, our model does not deliver a sign restriction for the elasticities with respect to the average tax rate. This is because, as usual with this approach, we are taking as given the relevant marginal tax rate (see the details of the model in Appendices A and B). Hence, an increase in the average tax rate can be interpreted as a decrease in the progressivity of the tax system. This implies that the sign of the elasticity can vary according to the position of the individual in the wage distribution. According to our results, for men the impact of an exogenous increase in the average tax rate is always positive. For women, the sign changes considerably across countries. It may be positive or negative. It is positive and significant in countries where the tax system is more progressive and the relative earnings distributions of females is fairly close to that for men, such as in Denmark and Sweden.
Conclusion
Our aim was to compare the returns on education of men and women and to analyse the role and the impact of Mincerian coefficients in the decision of the individual to invest in education. To this aim, we have embedded the Mincerian coefficients in the individual decision problem, together with several other parameters capturing the main characteristic of the labour market and tax system, the costs of the investment in education, and public policies which also affect the private incentive to invest in education and, therefore, the rate of returns. To compute the gender-specific returns, we have also explicitly considered several policy variables related to maternity episodes.
Our results confirm that education is an important determinant of individual earnings for both genders. Private returns on education of females are higher than those of males in all the countries in the sample but Germany, the Netherlands and Sweden.
The gender gap in the returns can be explained mainly by the Mincerian coefficients, typically larger for women, which more than compensate the negative effects on women's rates of return triggered by higher unemployment rates and maternityrelated benefits (always lower than a full wage).
Finally, we have estimated the effects on the rates of returns of some policy parameters. In this regard, we can conclude that, for both genders, an increase in unemployment benefits always has a negative impact on the rates of return to education. Concerning the tax system, an increase in the marginal tax rates always has a negative impact on rates of return to education, while an increase in the average tax rates can have a negative or positive impact on rates of return to education, according to the progressivity of the tax system. To understand the effect of both kinds of child benefits on the private returns, we have numerically computed the elasticities of W R with respect to  and  , for the 12 countries. In each country, the elasticities are negative and not high. Hence, an exogenous increase in  and  always implies a weak decrease in women's private returns. While usually smaller, the fertility effect is of the same order as the employment effect. However, our results strongly suggest that the Mincerian coefficients,  , and changes in labour income taxes drive the rates of return of both men and women, while other components are of a smaller order of magnitude.
As explained above, our estimates are best seen as an upper boundary for the actual values of the returns. This is for several reasons, related both to the structure of the model and to the values of the parameters used in the analysis. With respect to the second issue, we have used the OECD (1999) estimates of the replacement rates for unemployed individuals. However, independent estimates for Belgium (de la Croix and Vanderberghe (2004)) suggest that, at least for this country, actual replacement rates are substantially lower. Given that unemployment rates for women are higher, overestimates of replacement rates would have a larger effect on the values of W r than on those of M r . Given the structure of the model, in our estimates, we ignore the time-dependence of maternity and unemployment benefits, which probably induces an overestimate for women. We compute only for women the share of maternity benefits which are not employment related (measured above by  ). Given that these benefits are provided to families and not just to female members of the labour force, the way we have treated them could have caused some additional overestimate of female returns as compared to male returns.
Furthermore, as in de la Fuente (2003), we have considered expected lifetime returns. Given that women's rates of unemployment are higher than those of men, female incomes are probably more variable over time. This has no effect on our estimate of R , but could have effects on the actual well-being of risk-averse individuals. Unemployment and maternity-related benefits smooth income over the lifetime and, of course, their relevance for the individual utility increases with the degree of risk aversion. However, the differences in the orders of magnitude of the factors affecting the rates of return on education are such that we do not believe that a main qualitative conclusion will be affected by introducing an empirical plausible degree of risk aversion.
Appendix A: Derivation of equations (1) and (2)
For convenience, in this Appendix, we will omit the subscript W .
The point of departure is given by the first order condition of the optimisation problem of the representative female agent:
and rearranging terms, we obtain
Simplifying and collecting terms, we can rewrite NUM and DENOM in (A.2) as follows: 
R F
because its numerator is equal to 0 when 0 = R and it is easily confirmed to be an increasing function of R . (Clearly, the denominator is always non-negative.)
We present the direct computation, by gender, in the next two sections of the Appendix. where  is any one of the policy parameters introduced above.
B.1: Elasticities of private returns to education for the male population

B.2: Elasticities of private returns to education for the female population
Rewrite eq. (2), the FOC from the optimisation problem of a female individual: 
The derivative with regard to R is, obviously, the same. We proceed by computing the derivatives with respect to the different parameters: 
As before, the elasticities with respect to  , for females in this case, are given by:
where  is any one of the policy parameters introduced above.
In the text we only present, in Table 4 , the numerical values of the elasticities of the private returns to education, by gender, with respect to unemployment benefits, a and b , marginal and average tax rates, '
T and 0  , and maternity leave and childcare benefits,  and  .
